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RESr . ST RIS IRES K 7 i sz
B M V. parahaemolyticus 27K 7= iy 7 85 5
FETEMEEUNE, CRIZRE e WA FZER R
KRR 7 (L5 . BB %) T, IF, &
DL 2ok = S, BB g™, i
B R ARR . SR, BRIV, parahaemolyticus
A A P 4 o) B B BR e B AR Rk Ak 2 i
FIF Y, AR KPS Tolk v S A7 AR I 2 1) A
Un BT A Z i 2 70 R AR A

UTAESR, R AT AR 4 2540 i S50 TR AE
B IR N E W L S BN A B 5T I AR R
Packiavathy%5"" % PR AR G B UM WAL 27 43 25
R T 6 B EH V. parahaemolyticus |
V. vulnificus W ECOREE (Vibrio harveyi) = ¥# IEIE
IS EE SR . BT (3,4,5- =R k- TR
L) — T RIRFFAE WA 2 19 AP 32
Vi, FEAFAET A . FORGFR L, J2Lril
R EEE YR, BABIR . PUREE . PR
b, P . Mty DL E b som™ . i
ARk, BROTIFSE AN A I RE AT R ) 0 A
BN T IRE AP BIRIEA, Guo ™ B Uit
TE AN B R 3 22 PR RE W E R V. choleraelt:
Wi I A, Morinaga ! & PR P22 1 WAk P A
35 T YU E R L E R B R cAMP R
1, Lee 5! BH (A2 B e A R 1 K T
(Escherichia coli)O157:H7F14 2% i 5t
(Pseudomonas aeruginosa) =W Y i, 7] UL,
P 2 e T — A R AR R S8R B A ) e T T e
1, SR EZE P EEXT K= R V. parahaemolyticus
YIRS R E D, JF H A2 BRI
PR A= P ok B 0 VR LRI AS B A

UTAER, BT — AN e T - 15 R 7 5%
2N FF (RN A-Seq ) AR MU SR 5% 20 AH
KEDFERENARTBRZ —, BAERER. B4
ik REUE SR AU E Jo o b WA T vk
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S, IR FHIRNA-Seq i AR A HEE B T
Ak RS A= R 0 e ) S S AV G S
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PN AE 1 PCRE — 2 Wik 5 A5 W) IS 1R 5C 1)
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1 Ay

1.1 FESFFES

HZE P liE (Resveratrol) , — H LK (DMSO)
) H 3% E Sigma/A H] ; RNase-Free DNaselll H
Qiagen’s A ; TRIzol” Plus RNA Purification KitFl
SuperScript™ III First-Strand Synthesis SuperMix /4
H & EInvitrogen/A /) ; LB, TSBE&RGFERIN A H
By A YHARA RA A, FEALSS LG : TM-
100074 5 2NAH L BT ;. CFX3842 FLSLH 7O it
PCRAY(Z[E Bio-Rad); NanoDropl0007# & 454 n]
W66 ; Tlumina HiSeq™ 2000 ¥ F-&
(Illumina Inc., USA),
1.2 BbRRHEL
1.2.1 BE#k: V. parahaemolyticus (ATCC 17802)
W F e 5 A W P A L
1.2.2  BEBRIEAL: H5-80 cCIny H i 2k T
£73% NaCl LBH; 725130 °C. 200 r/minid 72 51k
5., F3% NaCl LBE;FeHrh — b, #0 0k
WA, G A B R KO B vk R A& F 1 0°
CFU/mLT#H,
1.3 B/MPEWREMIC)NE

W R R R T R (DMS0), &
0.22 i UESE , HITCRKBRISEWRE . 2%
Silvand5" 7k, B %3 RS ALIY HAEFD T3%
NaCl LB (ARG EEZ910° CFU/mL), 435
AL M E H160.0, 80.0, 40.0, 20.0, 10.0,
5.0, 2.5 ug/mLAYHZEE, 7830 °CREIREEF24 h
J& . ME600 nmAL G, R EERE I3
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AT, VAN R FIDMSO My X R4, MICSZ:
162224 hi5 57 5 SER02H T B o AR K R ARV B
1.4 AW BER Hil Al

B EIR RS 3% NaCl B A ik k=
WZ(TSB)LAL3(VIVYIR GG, A244 LR, 43
IMATAEME 1, 5. 10 ng/mLAYHZEEE, DU
NG EDMSOANE R ZS FIXF IR, 30 °CHfE IR
36 h, SRS R AR ™ 5 —4iA
[ 251 T 244 LA P I A TE R BE 38 (1 emx1 cm),
PO A R B
1.5 HSPRRAI E

j},E\‘f“iNithya/%fF[14]737‘7%, V. parahaemolyticus’y
BIFERP T USINZHRE N1, 5. 10 pg/mL 3L M B
3% NaCl TSBIEFFRIEE A, LLUshn 45 & %5 7
DMSONXF L], 7E30 °CHFH 36 him KA i
AR E EPS.,
1.6 HLFEHBEESEM)MNEE

ZHKim%&E" ik, 14l & B R 24
2.5% L R W4 oClE e i )5, FHPB ST TR
V3 S, TE1%MMR W g 1-2 ho ]
PBSW W vE3# f5 , 435l H50% . 70% . 80%.
90% . 95% MK 415 min5, FH100% 2 EEAR
K2WK, ERIR20 min, Z850%E5HR 5 I ER (BS R 1%
fiR/ 2.1 E 420 min)5 ,  feJ5 A BSR 5 I BE A
R B, COMGA T HRALT e, W4, TM-
10002 14 FRLBE UL B B 544
1.7 ZHE S RNA $£H

Wt R W1 mL3EFN 299 mL% 3% NaCl
LBR; #3130 °CRERE F74 h (HEUE K ),
TN E N0 ng/mLEAZE P EE, LIAS N4 &
DMSO X IEL, FHF A T 4kEE5 973 hia B0
EEFM, RIETRIZoI "R H & UL B ERNA,
HRNAHRNase-free DNasei b7 1 40 A B 2 [ 7%
FADNA, i I AR HEEE i Fi Uk FTNanoDropl0007i
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W B B G B S, W AR AR 1) c DN ASUR i 18
52 IMPoly AJF I P4k, BrNEWHEE I Hi Tk i
THM R BR/ANER G, S TPCRY ™, A1)
I SCZE FiTlumina HiSeq' ™ 20003470 %, frfs
FE 9 I Xt (A 5 7% 3 A1) T2 Bl 4 256 PR 41 3
Mk . gt S BN V. parahaemolyticus
RIMD 22106333 K 21 540 B (NCBI R k). ABFF
W F S G B E $E5C £NCBI Sequence Read
Achievefldit 2, %55 : SRX1074993,

i S 2 BAIE 43 AT 25T TopHat Al Cufflinks
B AL FARE T 1) 22 S AR SE I, AR 3L R i e 5k
H(RPKMIE) T RIZ I 0 25 7 RA 580, AR A
H: K (false discovery rate, FDR)Z # & 5 A% IEP{H .
5 R FDR<0.01, H2ESA8E 2R &Ll ERY
SR8 SR AR AN BRI 22 SRR LR, R
HGene Ontology . KEGG/3#7 #1SwissProtIJ g
BE, B 22 S5 RN L R AE WA T B RN 4 2
I3HT
1.9 RT-PCR

Z T IR SR ARAT AR, 43 i R
RNA, R Sl S0 RN A KU S cDNA, 3k
13 HIcDNATE-20 °C# Hl. POtE PCRIU AR FR
(20 uL): SDW 8 uL; Power SYBR® Master Mix
(2x), 10 uL; EFUHESIH(10 pmol/L)450.5 uL;
M CDNA 1.0 uLo W 514F: 95°C 1 min; 404
PEIR(95 °C 15s; 63 °C 25 s, LT ); 1 £k
SrHr, 55-95 °C. BAMEMER3R, LI16S
RNASERIWE NS, 252 R A ARG 2Rk 7K
S BRI GRS A s T . SRS A
IR,



TKITEE | AR, 2016, 56(5)

1. KHAEEPCRREFTASIY
Table 1. The used primers of real-time qRT-PCR

Gene Primer (5'—3") Size/bp

GGATTTTGTTCTGGCTTTCCACTT
luxS 119
GGGATGTCGCACTGGTTTTTAC

CCAGGGTCGGCTGAACTGTTA
trh 94
GGTTTGTCCAATAGTCCTCCACAA

GACATCAACCGCTCATCGTCTGT
tlh 102
CGTGACATCCCAGAACACAAACTT

CGGACTAAACCGTATCGCTGAAA
flad 128
GGCTGCCCATAGAAAGCATTACA

GCCTTCGGGAACTCTGAGACAG
16S rRNA 82
GCTCGTTGCGGGACTTAACCCAA

2 HRAGA

2.1 HEESEEXTV. parahaemolyticustWERE M
K A OB W E B e XY
parahaemolyticustW N TG, Z5 R WK1, 230 °C
BigR24 hm, FEETEEAE20 pg/mLI AE 23 i
YR A AE K (P<0.05) , R 2 ey 41 T 2 ki (%1
1-A). AU, HZEPTEEXTV. parahaemolyticus i
INEE R E 20 pg/mL . FE 8T ZE P EEAEL .
5. 10, 20 pg/mL¥EBE N XHZ AN A A KGR 1)

(E1-B), SR AL, TEMINTE R N R4
e A v R T VA A R A 4 A
(P>0.05), T20 pg/mL %2 EERE .3 I 15 X &A=
KAFIRSE W B A0 T A= K (P<0.05).
2.2 HESABBHLV. parahaemolyticus : YIBIERE
JIvEH

g3 BT B B R W R VR BE R X
parahaemolyticus = WIEIE RE T U520, aniEl2
i, GE9ERH, HZEMEEL, 5. 10 ug/mLX} V.
parahaemolyticus =W IEIE AN Hi1 %7351 2410.40%
21.03%7F139.10% (F2-A), Xt H sk Z i
TR 5°3.38% . 36.09%F148.49% (KI2-B),
FEPEEXT V. parahaemolyticus = Y95 B a4 22 4
S VB 2 IR LAY R A, 24 52 S AR A 5K
Mo PRI (F2-C. D) EWHL /10 pg/mL
HZE P AN PR S V. parahaemolyticus:= W) 9 BR 25 )
74 o X R ZH B P R THDRG R R A A, H
PN P or Wy — 2 R R AN RS W P 2, T
Qb PHEZH F) TR FAS R AT AT, ORG BR i S M A0
YR EWL, WEHREE.
2.3 BERAMFFATERFIREN
23.1 ERFGEEFWINRESZ: V. parahaemolyticus
FE10 pg/mL HZEF BEAEHT T 3R 10656 K A A2 1

1.6} 1.8} i
14} Lo 4 v
121 Q% 14 L PR
g S 12f ~ o
Q LO} g o e
© 0.8} g 0'8 i
0.61 Eb i // —=—None
3 0.6 |- P —e— Resveratrol 1 pg /mL
04t 04 ) —a— Resveratrol 5 ng /mL,
Tr —v— Resveratrol 10 pg /mL
02+ 02 L —«— Resveratrol 20 pg /mL
0'0 1 1 1 1 1 1 1 1
NoneDMSO1 5 10 20 40 80 160 0 3 6 9 12 15 18 21 24
Concentration/(pg/ml.) t/h

& 1. B AEExT V. parahaemolyticusiE & 1%

Figure 1. The antimicrobial activity of resveratrol against V. parahaemolyticus. None: containing no resveratrol and
solvent DMSO. Means in the columns with the different letters were significantly differences (P<0.05).
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None DMSO 1 5
Concentration/(pg/mL)

10

©

(B) 18

EPS Content/(pg/mL)
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O

N

DMSO 1 5
Concentration/(ug/mL)

None 10

2. WHNERE B AEEXT V. parahaemolyticusE )4 & X H s Z HE = 2 15200
Figure 2. The anti-biofilm capability of resveratrol at sub-MIC against V. parahaemolyticus. A: Quantitative
assessment of biofilm biomass; B: Quantitative analysis of biofilm EPS; C: Scanning electron microscopy (SEM)
images of untreated control; D: SEM images of treated sample by resveratrol at 10 pg/mL. Data was expressed as

means=+ standard deviations (n=3). None: containing no resveratrol and solvent DMSO. Means in the columns with the

different letters were significantly differences (P<0.05).

AR, Hh 344 B D RE A B ECE R R (i
32%), IR L522.6%, 1 F AR R Z)
577.4%, 3T Gene Ontology4X 144 & HIAY 22 5+
RILFEHHITWEGO S 4 #, i B4 i 2H o3
(Cell component), 47FJfE(Molecular function)#/
H W33 B (Biological process)3 KISHE1T R 24y
Br, Z5RAEBEIR . A5 (B13-A) i 40 i
(27.1%) . HIERIM(27.1%) . W (24.67%), 43 T3
RE(EI3-B) 45 £(35.8%) . fEfbiEPE(32.39%), 4
Yo B (K3-C) P 2 M i 72 (18.85%) « AR 7
(15.2%) %57 5% A8 % rh 25 S5 Rk L R BT o 9 L
) A v, HE DU At AT W] BB AE 1B R EE A v
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parahaemolyticus= P I 53 F AL v A 4%
TEH

232 FEERFREREINBOM: X ER7HEMA
I8 % 2% S RIA & SwissProt Y RE T B |
BLASTp X FIKEGGIE /AT, F 2255k ikt
PRI REFIIE BE N2 o 32 FIRE P R4 AR Y
ERrRBIERT, 14T RS 57,
parahaemolyticus =) B EIE A EE R R LR 3 T
P, FEAREBEEA . uxS. EILESWENA .
W B E A LR E A Kk, ERRI R
Z R NRERRE N H RS R IR N, AU 540
MEORCEN . FERS M. LW OBEAITAL
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cell cellular process
(A) @ cel]H;])blart (B) % lestahlis}tl?nent of localization
H %mbrggg part 0 B mobalic proces
24.67% 49% I response £ stimulus

8 organclle
others

3239% 13427 B sincle-organism process

23.17%

27.1% B

\Lr %\\\X\\

\\\\\§§\\\\\\\\

35.8%
[& 3. V. parahaemolyticus¥s %A unigeneA)GOLNEE 772

Figure 3. Gene ontology of V. parahaemolyticus unigene in digital transcriptome. A, B and C represent cellular

component, molecular function and biological proces, respectively. The percent of each metabolic pathway was
shown.

2. BEAEE{ER T V. parahaemolyticusE EE FFRIAFE R R IR 5B
Table 2. Significant differentially expressed genes and partial metabolic pathways of V. parahaemolyticus in the
presence of resveratrol

Gene ID  Log, Ratio Gene Description KEGG Metabolic Pathways
VP 1112  -3.00710 Cytochrome c-type protein TorC -

VP 1113 -2.69341 Trimethylamine-N-oxide reductase Two-component system

VP 1892  -1.81043 Hemolysin secretion protein Bacterial secretion system

VP 0129  -2.28820 Fimbrial assembly protein PilQ -

VP _0762  —1.82068 Cysteine synthase (LuxS) Cysteine and methionine metabolism
VP 3063 —1.57160 Outer membrane protein W Protein export

VP 4536  -1.52727 Inner membrane protein YjiG -

VP _0802  —1.52447 Citrate synthase Citrate cycle (TCA cycle)

VP 0199  -1.48339 Flagellin A Flagellar assembly

VP_1845 —1.42626 Cytochrome C-552 Oxidative phosphorylation
VP 1810  —1.39058 Hemolysin secretion protein Bacterial secretion system

VP 4159  -1.31877 Glyceraldehyde-3-phosphate dehydrogenase Glycolysis

VP_ 3132  -1.31142 Putative outer membrane protein YedS Protein export

VP 4134  -1.24630 Acetoacetyl-CoA reductase Pyruvate metabolism

VP 2724  —-1.20616 Protein-export protein SecB Protein export

VP_3215 —1.14407 Dipeptide and tripeptide permease A -

VP _2265 -1.13771 Outer membrane protein OmpK Two-component system

VP 0009  -1.08191 Putative amino-acid ABC transporter-binding protein PatH Biosynthesis of amino acids

VP 0317  -1.06405 Malate dehydrogenase Citrate cycle (TCA cycle)

VP 1526  -1.06218 Ribosome modulation factor Ribosome

VP 2735 —1.04407 Fumarate reductase subunit D Citrate cycle (TCA cycle)
VP_3756  —1.03448 Cystine-binding periplasmic protein Cysteine and methionine metabolism
VP 3442  -1.01166 Hemolysin secretion protein Bacterial secretion system

VP 3004  —-1.00832 Sodium/glutamate symport carrier protein -

VP 1450 1.14776 Chaperone protein TorD gflﬁrr%zirhﬂeﬁitab()hsm in diverse
VP 3786 1.16511 Inner membrane protein YcdZ -

VP_3064 1.45182 Multidrug resistance protein K Bacterial chemotaxis

VP_3065 1.67500 Multidrug resistance protein B Bacterial chemotaxis
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Jir T R T - 3 - A R Sl R SR R M S A
AR, FEE P BEAE A 1 At — SR SCJE [
U, IR E 26,4745 1 E AL = B A L
Ko b2 2245 AR FH TorDEEH 45 . KEGGAK
WA REIE R, RUEERRAEN
TR 5N R AR HE % (R2), BdEBrBRiC
(it . A AR . =R . NIRRT .
NEMGER & BN . SRR G i . WEEEAR . RS
A, HmwER A . EE s A (EH
B ERTIRGE . WA RG%). Ak
fRfk . R &R MBI B A 2
G, HbhEAEH . MESWRE . WAn
R0, BEACHE . $E R 4 e m PR 0 AR L 5 Ak
AP
2.4 qRT-PCR BHFEHEF LB

PI16S IRNAFEEIE R NS, R HqRT-
PCRAGIN 22 2 BEAE FH T 5 A= W 8 DD AR DG 1Y
ANFEH xS . trh . R R flaAREE FoKE28 Ak, 45
RE AR, SXTIRAAH L, 2 A P2
ANFEH xS . trh . thFIflaAR R A &

4 B RT-PCR
40F [ RNA-Seq
35F b
3.0k a a b
25
2.0

1.5

1.0

Fold changes control vs Res

05
0.0

IuxS trh th flaA
Genes

[El 4. RT-PCR#& V. parahaemolyticus 4% R 31K
&

Figure 4. Detection of four gene expression profiles by
gRT-PCR. Means in the columns with the different
letters were significantly differences (P<0.05).
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BRI (P<0.05), X BRZ 55 4b BHAH AH B L PR R 5k
9 42.60, 2.83, 2.83, 3.81, HHNHY
RNA-Seqill & 54 5 =4 FL{H }3.53 . 2.62. 2.62,
2.79, PRI iE o BT T A5 3 PR 36 TR /K - fa B A
—5%, FHIRNA-Seqfi R &5 RATT 5,

3 Wik

V. parahaemolyticus 217K 5558 i) — P 2
FAFEURETE , BIREEOR R AR E G '
it 42 A AT RN AT 2V R fe T o ITARR,
IR EMECTR, WK, WHEENT FHEL
Fpon] £ FAE W 3% 2 HAT B0 B0 AR W 900 ) v
REM . ARG S B 1 B A IV A BT T
V. parahaemolyticus™:= )1 BRI LA 2 B AT H0im
AOAMHIROR , R BHIZTE 1Y A= PR 22 = B
U, LeeZ5EP R 10 pg/mL 132 2 s J HATi A
Pz Aok R S M e 3 0 4 B B R A PR T
(Staphylococcus aureus)i .25 535 o

ZERNA-Seq M GOTNHE . SwissProtIIHEHEREAN
KEGGHl it , HESMBAEMNT V.
parahaemolyticus BR/K-V- K A= W W 122 4k, 25 5%
RILEEN FEZ 5Y G M550z . BRI
SOSI & R A4 Wy ad e o I & BRUAE 22 I
YER R V. parahaemolyticusTE 5 iz . 2 73
RGEHMUH > RGe ik LA, TE2ERRIKN
SRR B R, g A AR AR B A R
w(VP_3063). yedS(VP_3132). ompK(VP_2265)
EIFE T M, MIMEE I OmpHE H#E HompA
ZoAEAR 22 A R IR SR — okl B S AE A W
HRIE i it e Hh ke 22 200 T ) K 20 1R 5 2 1k 18] Y 52
T BR T AN A B S W R U, A
LR R EREA . MEmRER . AR
FAMER A, HPhEEACHE LIV, cholerae
AR IR 2, Park SR LY.
vulnificus ' OmpAFR 1 #Y LR IA AT §EAZ3", 5'-3F
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T 517 R (cyclic di-GMP) R, SE ek A bk
W G RE o FT UL, 2 B A AN 52 o 4 T 2
P13z i Ao DA TE B, S B R AR P M — e
BRI A0 TR 7 1 3 R
I K A= B A ) e

WM, S EERIASING [V, parahaemolyticus
luxSIFRIKBE RZE T I hxSHRIS & R AL-215
S0 TR VI 2 AN AT Rl A RO ) 52 I R A%
J% (Quorum sensing, QS)IEF"", & 541
TIH TR AT s
G2, CRMINER(Vibrio sp.)fF7E
IuxM/N. cqsA/S. luxS/IAI-2=FRRQSAR%,
PIRRERIE . #1175 5 252 B luxS/AL-2
HIEHIQS RG IM T, XL 4 R Gea st % BHL
HZE P EEANL G EOmpRE % . NarL K% Fll
NarCK G e, BREF M Lux M5 . LuxRA G
LA G . FTEYEAE 55> F BB I RpfCHI
RpfG, B M i 1 34— 5 H WA ] Clp M5 54 9 #2442
YIwi s . 3z SRR D B9TE R, Il BT TR
TET 770l 1 AR A SR A AR ) e M ) e U A
PR R SR, AL, Shafreen” ELIFSE A BERE K%
AT A W3 A 0 fux SEE PR R IR, 52 e PR i 2K
T (Streptococcus pyogenes) - W BRIE B B 3R
. I CFEREREIMHRIE. coli 0157 HTHH R
BRBRFR M (stx2) KRB, FFRMQSIHI (Isrd,
luxS)IR" . Qin%:Pa JIRNA-Seq /T & B
P HLE TS, aureus QSR G M T T IHF
SIE I 22 0 5 LA ) AR B R I . PR
TuxSHE PRI AT A DAy V8 7 1 A A R 41 1) 800 i A )
IR 1 e 2 R F I 3A

MRS T 00 5 V42 1432 B T 5 00 200 i 4
RIS TG REBT, 54D EIE s DA
Rendon“5 & HLE. coli O157: HTH EE A5 HAE Wbk
AL s AR EDY, B RV, parahaemolyticus#
T SFERNEA S, AFETV. parahaemolyticus

EHEABENTHEEAAKRKEBHEEN
PilQIH L % F M, Leeis FHqQRT-PCRAMIT &
20 pg/mLHZE P ELE S I HIE. coli O157: HTH
EIHKH (csgd, csgB) MBIz B EFEH (fimA, fimH,
fIhD, flid, motB, gseB, gseC)Z ik A4 ¥y #i FEIE
Mo PRI, R s ] e ok D ) 2H 2R T i
B AN A8 Sk, ORI B R T
parahaemolyticus KGR FE

ANREAZE PRI IS, V. parahaemolyticus%
ASH A AR DG R KA e W R, Horp
A (0,238 C2E R H ror CHE PRIV g Wi vh— > EE L
P FEA N RN R B . AL, —RIRIEIR
() Z2 M SR 2 SRR AN, B a2 i 4
AR RS . I, #EW V. parahaemolyticus
TEAMIEAE Wy B i 0B T, 48 AT BE 1 BT
WEA, 8RR A B BB ARG K LA 55 XF
I B o Qin ™ Ml A& BW 2% R R I i
YU A TUAKRS. aureus £ W) B EIE BUR RIS, 20T
H &5 @ EEMRICAH W arcA . arcB2. arcDFI
aur &I BL T, SR SAGHAR SCHE A 5 A Pk
JREAFTH VI OC . A, kil MY R b
A it Z 2 2 E A M) MIFHBEH, A4
Mrp K(VP _3064), Mrp B(VP _3065),
TorD(VP_1450), ARE5 3 ZhSOS%, i
Mrp Rk IAH 22 P i i AN, I 5)
PRSI PR IE R P RE B0

qRT-PCRIESE, HZE IR N iZINE 44>
5 AW PRIE BCE DI K LuxS . trh . tlh H
flaABE R A BT XA, 55 kA y
OYHTEE RAIAT . R, Lees" iz HIqQRT-PCRI
SE 3 N 22 BRIAE T 5 A i AR DG ik
PRIk AEN, RMHBEWMK TE. coli
O157:H7H E BFHH (csgd, csgB, csgC, csgD, csgF,
csgG). QSFHEH (lard, luxS, tnad) iz st HE A
(flhD, motB).
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4 N

AT S IR A T VA B 11 2 P B A
V. parahaemolyticus =B ERIE B 383k 5% S 2
R a8 . #2548 S qRT-PCREIE, K IAEHZE
PEEAERE S T V. parahaemolyticus 8 AR
QSHRSGE . WEER 140 Wb S s 1M 25 53 WA 4538 B T e 2
SRR RIE R, FR R AT R 3R
THLuxSHIEHIQS RS . HEEA M & H 43 b
P, B M REASETE IR T WENEE
PE. MO ZHEG B, DT HI0 248 RS 6 70
S AN W 7 A, R A AR B RSO
HIREWUHA R T — 2D 5%
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Inhibition analysis of resveratrol against Vibrio parahaemolyticus
biofilm based on RNA-Seq technology

Fang Zhang, Junli Zhu', Lifang Feng

College of Food Science & Biotechnology Engineering, Zhejiang Gongshang University, Hangzhou 310018, Zhejiang Province,
China

Abstract: [Objective] Food phytochemicals as biofilm inhibitor of pathogens have been highlighted. Our study aimed
to investigate the effects of resveratrol on biofilm formation of an aquatic pathogen Vibrio parahaemolyticus, and to
elucidate the important regulatory genes. [Methods] In the subinhibitory concentrations, the inhibition of resveratrol
aganist biofilm and exopolysaccharides of V. parahaemolyticus was detected, and the differentially expressed genes
were analyzed based on RNA-Seq. Four genes involved in biofilm formation was validated by qRT-PCR. [Results]
The minimum inhibitory concentration of resveratrol against V. parahaemolyticus was 20 pg/mL. Resveratrol at the
subinhibitory concentration of 5 pg/mL and 10 pg/mL significantly decreased the biofilm development and
exopolysaccharides production in V. parahaemolyticus (P<0.05). Scanning electron microscopy micrographs showed
a significant reduction of adherence and extracellular polymeric substances. RNA-Seq analysis revealed that 22.6%
up-regulated and 77.4% down-regulated gene (P<0.05) after treatment by 10 pg/mL resveratrol among 106
differential gene expressions. These differential genes in V. parahaemolyticu focused on 7 metabolic pathways, and 14
genes involved in biofilm formation were down-regulated by resveratrol, such as outer membrane protein (W, YedS,
OmpK), quorum sensing (LuxS), flagellin (FlaA), fimbrial assembly protein (PilQ), hemolysin secreted protein. qRT-
PCR confirmed that the expressions of /uxS, trh, tih and flaA, was significantly repressed in the presence of
resveratrol, which was consistent with transcriptomics data. [Conclusion] Inhibitory activity of resveratrol on biofilm
formation was assicated with multiple genes and diverse cellular processes in V. parahaemolyticus. These findings
suggest that resveratrol would disturb various metabolic pathways, particularly quorum sensing system, adhesion
process and membrane proteins secretion, resulting in inhibition of attachment and biofilm development. The present
work provided valuable information to explore molecular mechanism of resveratrol as an novel anti-biofilm

compound.

Keywords: Vibrio parahaemolyticus, resveratrol, biofilm, RNA-Seq, inhibition
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